ABSTRACT.-Abscised fruits of Juniperus mQnQsperma were more likely to contain predator larvae than were undamaged fruits. Larvae in abscised fruits were more likely to die than larvae in fruits still attached to the tree. Selective abscission of damaged fruits is viewed as an adaptive plant defense for two reasons: (1) abscission reduces the plant's losses by terminating any further investment into a doomed propagule; (2) abscission may reduce the number of fruit predators that mature to attack future fruit crops.
INTRODUCTION
Although environmental variables are usually considered the most common factors leading to the abscission of plant parts (e.g., Iate frosts: Addicott and Lynch, 1955; Hutchinson and Bramlett, 1964; high temperatures: Addicott and Lyon, 1973) , here we consider the importance of abscission as a way of reducing the impact of fruit and seed predators. Although it is well-documented that seed predation by insects results in the selective abscission of young fruits (e.g., Lloyd, 1920; Phillips, 1940; Janzen, 1969 Janzen, , 1971a Mattson, 1978; Boucher and Sork, 1979; Queller, 1985) , we are aware of no studies that demonstrate the impact of fruit abscission on insect pests.
Several benefits of selective abscission for the plant have been proposed. (1) Selective abscission of damaged fruits is a mechanism whereby plants terminate investment in fruits that contain offspring that would be unlikely to contribute to future generations (e.g., Stephenson, 1981) . (2) The energy saved by terminating damaged fruits can be reallocated to other healthy fruits to increase their attractiveness and/or survival (Stewart and Sterling, 1988) . (3) Janzen (1971a) suggested that fruit abscission dumps larvae into a hostile environment where they must make do with fewer nutrients. If true, selective fruit abscission may increase pest mortality and reduce the herbivore population. To the extent that selective abscission saves valuable nutrients and energy which can be reinvested and/ or reduces the pest population, then abscission should be considered a plant defense (Williams and Whitham, 1986) . We do not argue that abscission has evolved solely in response to herbivory, but rather represents a generalized plant trait that may serve several adaptive functions.
This paper addresses the pattern of fruit predation by unidentified larvae of Anobiidae (Coleoptera) (W. E. Clark and H. R. Burke, pers. comm.) and fruit abscission by JIJniperus manasperma (Engelm.) Sarg. (Cupressaceae), the one-seed juniper. Two questions are addressed: (1) Is abscission selective in singling out predator damaged fruits for removal ? If abscission represents an adaptive host response to insect attack, damaged fruits containing larvae should be selectively abscised and we would expect abscised fruits to contain more predators than fruits remaining on the tree. (2) Does fruit abscission reduce predator survival ? For selective abscission to represent a meanin~ful defense a~ainst fruit
121 (2) predators, in addition to minimizing damage to the plant, abscission should also negatively affect the performance of the larvae trapped within the abscised fruits. This is particularly important since some studies. report negative effects of leaf abscission on herbivores (Faeth et al., 1981; Williams and Whitham, i986) ,others have found no significant effects (Pritchard and James, 1984a, b) , and still others have observed positive effects (Hering, 1951; Askew, 1962; Shorthouse et al., 1980) .
STUDY AREA
Our study site is located at Grasshopper Point, Sedona, Coconino County, Arizona. The vegetation is characterized as Pinyon-Juniper Woodland (Woodin and Lindsey, 1954; Lowe, 1964) , where Pinus edulis and Juniperus monosperma are dominant plants. Our studies were conducted during the autumns of 1985 (between 25 and 30 October) and 1986 (between 26 and 28 October). The fruit predators lay eggs on immature fruits where the larvae feed on the developing seeds. Juniperus monosperma proi:luces a single cohort of fruits each year. Juniperus monosperma develops only one seed per fruit (McDougall, 1973) and only one predator larva develops per seed. Despite the observation of living larvae on fruits as Iate as early December, we were not able to obtain any adults.
MATERIAL AND METHODS
In 1985, 32 trees were randomly chosen and sampled to determine the intensity of attack by seed predators. Tree size, branch size and distance of tree to the nearest neighbor were held constant. We defined an abo~ted fruit as any small, unfertile fruit. For each tree, five branches were randomly sampled and the number of attacked and predator-free fruits retained on the tree were counted. To quantify the number of abscised fruits, ali fruits from the current crop in a 50-cm2 plot beneath the canopy of each tree were collected and classified as attacked or unattacked.
Survivorship of fruit predators was assessed by comparing the number of living, emerged and dead larvae in the fruits beneath the parent trees and in fruits still attached to the tree.
RESUL TS AND DISCUSSION
The most common class of abscised fruits were ones that contained insect larvae. Of 750 abscised fruits, 56.10;0 contained insect larvae, 29.30;0 were aborted, while the remaining 14.60;0 appeared otherwise insect-fr~e and healthy. No aborted fruits were observed on trees.
Comparisons of fruits attached to the tree and abscised fruits on the ground suggest that fruit abscission is selective. After removal of aborted fruits from the analysis (they were not used by the fruit predator), the results showed that 65.70;0 of abscised fruits suffered insect attack while only 26.90;0 of the fruits still attached to the tree contained predators (t = 10.06, n = 32, P < 0.001).
An alternative hypothesis to the selective abscission states that ali fruit classes have an equal probability of being abscised, but once upon the ground they are subjected to increased exposure to fruit predators. For example, Janzen (1972) described a system in which the seeds of Sterculia apetala are heavily attacked by the ground-feeding hemipteran, Dysdercus fasciatus, whereas seeds on the tree escaped predation. Thus, what appears to be selective abscission could be the end-product of a groundforaging fruit predator. However, in systematic observations throughout the study season, we found no ground-foraging fruit predators and we observed oviposition only on fruits still attached to the tree. In addition, many newly abscised fruits already contain larvae in advanced stages of development suggesting oviposition occurred at a much earlier stage. Consequently, the preliminary observations indicate that fruits are attacked at only one stage of their development when they are still attached to the tree.
Fruit abscission negatively affects the performance of seed predators in this system. Larvae mortality was significantly higher in abscised fruits [25.00;0 (1 SE = 4.80;0)] than in fruits still attached to the tree [5.80;0 (1 SE = 2.30;0)] (Wilcoxon test = 3.0, n = 12, P < 0.004).
These results strongly suggest that fruit abscission is selective and beneficial to JuniPerus monosperma in two ways. First, it terminates further investment into damaged fruits. Presumably, then, this energy can be reallocated to remaining healthy fruits. For example, studies have shown that just prior to maturation many important nutrients are translocated into developing seeds (e.g., Salisbury and Ross, 1969; Mooney, 1972) . By abscising damaged fruits these nutrients can be saved or reinvested into healthy fruits. That plants are capable of reallocating energy is demonstrated by the agricultural NOTES AND DlSCUSSION 391 practice of thinning tree fruit crops. After thinning, trees reallocate energy and nutrients into the remaining fruits resulting in larger fruit (e.g., Van Overbeek, 1946; Denne, 1960; Stewart and Sterling, 1988) . Second, abscission results in a 4.3-fold increase in larval mortality. Depending upon the mobility of a specific seed predator, the effectiveness of abscission on reducing predation of future fruit crops may be minor or hjghly significant. If seed predators diapause underneath the tree they developed upon and subsequently reinfect the same tree the following year, selective fruit abscission in 1 year could have an important effect on reducing oviposition the following year. As predators disperse from their natal sites, however, the benefits of abscission for any one tree are diminished. Thus, it appears that fruit abscissioncan be considered an adaptive plant defense depending upon how much resources are saved through abscission and upon the ultimate impact on the seed predator population.
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